The essential oils of Stachys spruneri Boiss. (sample A and sample B) were analyzed by GC and GC-MS. (+)-Isoabienol was the dominant component (49.5 and 48.2%, respectively of the total oils) among seventy-two identified constituents. Isoabienol was separated, purified by preparative thin-layer chromatography, and further identified by means of physicochemical and spectrometric analysis. The microbial growth inhibitory properties of the essential oil and its main metabolite, the labdane diterpene isoabienol, were determined using the broth microdilution method against eight laboratory strains of bacteria (Gram-positive: Staphylococcus aureus, S. epidermidis, Micrococcus luteus, Еnterococcus faecalis, Bacillus subtilis, and Gram-negative: Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and two strains of the yeast Candida albicans. Both essential oil and isoabienol showed considerable activity against all the microorganisms tested, with the isolated compound being most active.
The genus Stachys, comprised of 300 species, is considered to be one of the largest genera of the Labiatae family [1a] . The species are distributed mainly in warm temperate regions and are well represented in the Mediterranean area and SW Asia [1b] . Plants of this genus have been used in folk medicine for genital tumors, sclerosis of the spleen and liver and morbid granulations and wens [2a] . Preparations made from either the whole plant or leaves are used in phytotherapy, possessing sedative, hypotensive, antispasmodic, parasympathomimetic, sympatholytic, oxytocic, emmenagogue, bitter, aromatic and astringent properties [2b,2c] . It is reported that S. tibetica has been used by Buddhists in India as a decoction to treat fever [2d] . Additionally, S. germanica was used in folk veterinary medicine in Italy as a remedy to treat skin disorders [2e], and S. alpina in northern Albania as a nutraceutical for cattle and pigs [2f] . In our continuing research on Greek aromatic plants, we have investigated the essential oil composition of S. spruneri Boiss., as well as the antimicrobial activity of the oil and its main component. S. spruneri is an endemic plant of SE Greece, most commonly found in cliffs [1c] . The methanol extract of S. spruneri has been reported to exhibit antioxidant activity similar to that of α-tocopherol [2g], but without cytotoxicity on Caco-2, HepG2 and MCF-7 cancer cells (LC 50 >75 μg/mL) [2h].
S. spruneri oils were collected in 2000 and 2008 yielding 0.26% v/w (sample A) and 0.36% v/w (sample B) of a yellow, essential oil, with an aromatic scent. Seventy-two components were identified by GC and GC-MS, representing 99.6% and 90.0%, respectively of the total oils (Table 1) . Both oils were characterized by the abundance of sesquiterpenes (47.1% and 37.4%, respectively) and the dominance of (+)-isoabienol (49.5% and 48.2% respectively), a diterpene (compound 1), that was isolated and structurally elucidated.
There are several reports on the composition of Stachys essential oils [3a-3i] , with sesquiterpenes being the most abundant class of compounds. S. spruneri essential oils collected from the Prefecture of Attiki and Viotia (Greece) were also characterized by a high percentage of sesquiterpenes [3d] . It is noteworthy that the dominant compound found in the present study, (+)-isoabienol, was not recorded in this previous report.
In the antimicrobial screening (Table 2) , sample B oil was tested as it was obtained in a sufficient amount, enough for all the assays. Additionally, the isolated diterpene (compound 1) was tested against the same microorganisms. The antimicrobial activity results showed that isoabienol was more effective than the sample B oil Compound 1: (+)-isoabienol against the microorganisms examined. Both showed a high activity against S. epidermidis, M. luteus, and Candida albicans (both strains), whereas isoabienol was effective against the bacteria S. aureus and B. subtilis.
The results suggest that the activity of the oil could be mainly attributed to the presence of (+)-isoabienol, as its minimal inhibitory concentrations are very similar to those of the tested oil, with the exception of S. aureus and B. subtilis, against which the diterpene appears to be more effective.
Experimental

Plant material and isolation of essential oil:
Stachys spruneri was collected during the flowering stage in June, 2000 (sample A) and June, 2008 (sample B) from Parnes Mt, Attiki Prefecture. Air dried aerial parts were subjected to hydrodistillation for 2.5 h using a modified Clevenger apparatus to obtain the essential oil. Each oil, dissolved in n-pentane, was dried over anhydrous sodium sulfate, and kept at -4 o C until analysis.
Isolation of compound 1:
The n-pentane solution of sample B oil was reduced in volume and refrigerated to give a precipitate (compound 1), which was isolated and further purified using prep-TLC {Merck silica gel 60 F 254 plates; n-hexane-ethyl acetate (95:5)}. NMR spectra were recorded on Bruker AC 200 and Bruker DRX 400 spectrometers. Optical rotation was recorded with a Perkin -Elmer Polarimeter 341 (UV-Vis). The spectral data of compound 1 were identical with those in the literature [4a-4d] .
Essential oil of Stachys spruneri Natural Product Communications Vol. 6 (2) 2011 279 Gas chromatography: GC analysis was performed on a SRI 8610C GC-FID system, equipped with a DB-5 capillary column (30 m x 0.32 mm; film thickness 0.25 μm) and connected to a FID detector. The injector and detector temperature was 280 o C. The carrier gas was He, at a flow rate of 1.2 mL/min. The thermal program was from 60 o C to 280 o C a rate of 3 o C/min; Split ratio 1:10. Two replicates were processed identically for each analysis.
Gas chromatography-mass spectrometry: GC-MS was performed on a Hewlett Packard 6890-5973 GC-MS system operating in the EI mode at 70 eV, equipped with a split/splitless injector (200 o C). The transfer line temperature was 250 o C. Helium was used as carrier gas (1 mL/min) and the capillary column used was a HP-5MS (30 m x 0.25 mm, film thickness 0.25 μm). The temperature program was the same as that used for the GC analyses; split ratio 1:10. The injected volume was 1 μL. Total scan time 83.33 min. The acquisition mass range was 40-400 amu.
The identification of the volatile compounds was based on comparison of their retention indices (determined with reference to a homologous series of n-alkanes), and MS with those obtained from authentic samples (purchased from the Sigma-Aldrich Co) and/or NIST/NBS, Wiley libraries and the literature [5] . Active cultures for experiments were prepared by transferring a loopful of cells from the stock into tubes that contained 10 mL of Mueller-Hinton broth (MHB) for bacteria and Sabouraud dextrose broth (SDB) for fungi. After incubation for 24 h at 37 o C and 25 o C respectively, the cultures were diluted with fresh Mueller-Hinton and Sabouraud dextrose broth in order to achieve optical densities corresponding to 1.5x10 6 colony forming units (CFU/mL) for bacteria and 1.6x10 7 CFU/mL for fungi used as inoculum.
A broth microdilution method was used to determine the minimum inhibitory concentration (MIC) according to CLSI [6] . The inoculum of the bacterial strain was prepared from overnight broth culture and suspension was adjusted to 0.5 McFarland standard turbidity. The tested oils were dissolved in 1% dimethylsulfoxide (DMSO) and then diluted to the highest concentration. Two-fold serial concentrations of the essential oil and its main component were prepared in a 96-well microtiter plate. In the tests, triphenyl tetrazolium chloride (TTC) (Aldrich Chemical Company Inc. USA) was also added to the culture medium as a growth indicator. The final concentration of TTC after inoculation was 0.05%. The microbial growth was determined by absorbance at 620 nm using the universal microplate reader (ThermoLabsystems, Multiskan EX, Software for Multiscan ver.2.6.) after incubation at 37°C for 24 h for bacteria, and at 26°C for 48 h for fungi. The MIC is defined as the lowest concentration of the essential oil at which the microorganism does not demonstrate visible growth. All determinations were performed in triplicate and 2 positive growth controls were included. The MICs of the reference antibiotics were determined in parallel experiments.
